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ABSTRACT

Calculzations have been made on the production of mlightw

. isotopes in a homogeneous pile and their possible poisoning effects.
It appears to be improbzble that a large poisoning loss will occur as
a result of the products of nuclear reactions on the "light" isotopes
in the pile. The physical constants of some of the isotopes produced,
however, require further investigation in order to be assured of their
negligibility. The amounts of severzl isotopes of general research
interest which will be produced in relatively large quantities have
been calculated.
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I. INTRODUCTION

A preliminary survey has been made on the production of ®light®
isotopes as a result of nuclear reactions in the proposed homogeneous
unit. This has been done for three reasons: {1) to calculate the poi=
soning effect of those isotopes whose physical constents are known,

(2) to estimate the possible poisoning effect of those isotopes whose
physical constants are partially or completely urknown in order to in-
dicate which ones warrant further investigation, and {3) to indicate
some of the isotopes of general research interest which may be produced
in appreciable amounts.

The term "light" is used to distinguish the isotopes in this
study from the so-called "heavy" isotopes; i.e. elements of atomic number
greater than 90. The "light" isotopes considered are those formed from
the chemicals of the reactor solutions, the structural materials of the
reactor tank, and the catalyst added to the solution. The products of
nuclear reactions with the fissionable material itself, the fission pro-
ducts and the "heavy" isotopes, have not been included in these calculations.

Since preliminary calculations(l) showed that the yields from
alpha and deuteron reactions would be extremely low, detailed calculations
were made for neutron reactions only (see Tables 1 - 4). The direct pro-
ducts and the decay products of (n, Y ), {(n, 2n), (n, p), and (n, ) re-
actions with all the stable isotopes involved were determined. Th?
poisoning effect or the cross-section Lo give a poisoning effect{?) of
0,01 was then calculated for the products of these reactions and the
daughters of these produets.

IT., JISOTOPES STUDIED

At the present time two types of reactor solutions, two cat-
alysts, and four tank construction materials are under consideration. In
evaluating 211 of them a total of 29 isotopes must be considered as the
starting points for the nuclear reactions.

From the two Lypes of chemical solutions, (1) O.1 ¥ NaD%OB apd

(2% 0.1 M D580, the following, isotopes gre contributed: Na?3, ¢t27 ¢l3,
ot 9 0179 ()_%8‘q Hzp 8323 3333 83 s and 83 -« From the two catalysts,lgz
. palladium_and platinum, the following isctopes are goptribyted: Pt

ptddh pel95, Pt.i%, pt198, pglO2, pglOL ) pglOs, ,Pal(’g, Pdﬁog and PaiL0,
The four possible structural materials, beryillium, zluminum, lead, angd
columbiyg, contribute the isotopes Be?, A127, Cb?3, Po204, ppR06, ppR07,
and Pb o

(l)Sea Section VI.
{2)For definition see Section IV.
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III., METHODS OF CALCULATION

The number of atoms of an isotope formed by a single reaction
in the unit can be given by the following equation:

it

‘N = f§M (1= ) (1)
L4 .
where: N refers to the number of product atoms formed.

A refers to the decay constant of the product isotope.

f refers to the neutron flux of the pile.

M refers to the number of atoms of the isotope exposed
to the bombardment. :

6 refers to the effective cross—sectien for the reaction.
t refers to the length of time the isotope is bombarded.

In the case of an isotope of relatively long half-life (i.e.
N is small), equation (1) simplifies to: °

N = foMt (2)

In case of a relatively short lived isotope, an equilibrium
value is rapidly approached which is given by the expression:

N = fgM '
19X (3)

The production of daughter isotopes by decay of these primary
isotopes was calculated by the familiar equations. (cf. Rutherford,
Chadwick and Ellis) Equations (2) and (3) were the principal cnes used
to calculate the amounts of isotopes formed in the unit.

The term "poisoning loss"; p, is here arbitrarily defined as
the ratio of _neutrons absorbed by the poisoning material to those which
react with U235 to cause figsion. This leads to the following formulation
of the poisoning loss:

p = o x M (4)
g X Mg

where: dﬂb is the cross-section of the poison.
is the number of atoms of the poison exposed to the bombardment.
P1p is the cross—section for fission of the fissionable material.
?;? is the number of atoms of the fissionable material.

It is assumed that the poison and the fissionable material will both be
exposed to the same neutron flux. Since thie denominator of the equation
is known(32 the poisoning loss for any isotope cean be estimatsd if the
cross=section of the poison and the number of atoms of the poison present
- are known or can be calculated.

(5)For U235(y} = 545 barng and ¥ = 4.4 moles.
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In general, the neutron cross-section of stable isotopes can
be estimated, whereas those of radioactive isotopes are unknown.

In the case of the (n, ¥ ) reaction on the stable isctopes,
the calculations were straight=forward when the isotopic cross-section
was known. When the isotopic cross—section was not known but the total
absorption cross=section of the element was known, the cross-section
which was used for the individual isotope was the maximum which it
could have, i.e. assuming that the cross—-section determined for the
element was due entirely to this particuler isotope

iihen the cross=section for the primery reaction was known but
the cross—=section of the radioactive product was unknown, the crosgs-
section for the product isotope which would preduce a poisoning ioss of
(0.0l was calculated. This quantity is shown in the tables. Thus, when
the number of atoms and the cross-section of the original stable isotope
are known, the poisoning effect for the stable isotope and the cross-sgsesc-
tion to give a poisoning effect of 0.0 for the radicactive produci,
can be celculated (if the half-life is known or assumed).

In general, if the primary reaction is other than (n, y), i.e.,
(n, p)s (ny 2n), and (n,), the cross=section is not known, and hence the
poisoning loss can not be calculated. In these cases the poisoning effects
of the stable isotOpes and the radioactive produuts were estimated as
followss If o~ is the cross-section for the primary reaction and g 5 is
the total neutrbn abgorption cross-section of the product of this reaction,
the poisoning loss divided by 671, " g " was calculated if 77 was known.

If7, was not known, then the g~ 7, whlch would give a p01son1ng loss

of 0. Ol was calculated. Since the crossmsectlonchl rarely exceeds 1 barn
and will, in general, for the neutron energies encountered, be a small
fraction of 1 barn, the calculated values of _p  will represent the
maximun poisoning loss the 1sotope might prociuc:]é,2 and the calculeted values
of &f‘ < will represent the minimum value of;?’é which will give a poi=
soning lgss of 0,01,

In a number of cases, as yet undiscovered isotopes were assumed
to have formed. .Since their half-lives were unknown, they were assumed
to be long=lived, making their poisoning effect a meximum. However,
daughters of such isotopes were assumed to form as if the parent isotope
was short—lived, again to maximize the poisoning effect.

The poisoning effect cf short-lived material was calculated for
the equilibriun concentration of that isotope. For the long-lived material
the poisoning effect at the time of its maximum concentration, i.e., 3C
days for isotopes in the solution and two years for the isotopes in the
structural material, was calculated.

(Ljia‘max for the individual isotope = - 6~é(for element )

isotopic abundance
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. Values of bhysical consténts were taken principally from the
Project Handbook.

It is pertinent to note that in general a neutron loss will not
be sustained from reactions such as (o{; n), (d, n), (n, 2n) where a
neutron is emitted following the capture of the incident particle. Even
if the isotope produced by this reaction possesses a high neutron cross-=
-section, there will be no net loss of neutrons. Only if the product of
the second reaction in addition has an exiremely high crogs=section will
a neutron loss be experienced. Thus a reaction of the type H2(d, n)He?
would not adversely affect the neutron economy, and would probably have
a beneficial effect. .

For these calculations the values of the cross-sections for
thermal neutrons only were used. The effective cross—section in the unit
might, therefore, vary appreciably, depending upon the degree of resonance
absorption a2s a result of the difference of the actual neutron energy
from the thermal energy. Furthermore, in these calculations the neutron
flux was considered to be equivalent for all isotopes. In reality, the
neutron flux would drop rapidly in passing outwards from the center of
the reactor solution. The calculated results for the isotopes in the
structural material will, tnerefore*p tend tO0 be high by a factor of about
two or three,

e IV. ASSUIMED OPERATING CONDITIONS

Operating conditions were assumed tc be as follows:
(1) a U235 concentration of 1.03 g/1. ‘
(2) a total volume of 1000 1.

(3) A total power level of 10 megawatis, giVLng an average
slow neutron flux of 1.8 x 1034 neutrons/sec/cm?.

(4) A spherical shaped boiler 51" I.D. using one of the
following construction meterials: 1" thick beryllium, 0.3 cm of aluminum,
0.3 em thick lead backed by 0.3 cm of aluminum, or 0.033.,cm of columbium
backed by 0.3 cm of aluminum.

(5) The chemicals in the boiler solution being either 0.1 M NeDCO,,
or 0.1 M DZSOA°

(6) Catalyst concentration being 50 mg of either palladium or
platinum per liter present as a colloidal suspension in the solution.

(7) Complete purification of the reactor solution at intervals
of 30 days.

(8) Tank construction materials changed after a period of 2 years.
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" V. NUCLEAR REACTIONS INVOLVING CHARGED P4RTICLLES

Because of the presence of 0235 and Pu239, both of which decay
by alpha emission, a number of alpha projectile react%ons are conceivable.
hssuning thyl the uraniun in solution will be 50% U238 and 504 4235, and
that the pPu will be allowed to form and accumulate for 30 days, the
U235 will give rise to 75 alpha disintgération/sec/cc, and the pu<39
about 107 disintegrations/sec/cc. (U%3* will give rise to ca. 2000/sec/cc)o.
Since, however, the alpha particles will lose their energy extremely
rapidly through ionization processes in the solution, the alpha flux and
hence the production of isotopes by alpha reections will be essentially
negligible. '

Deuteron reactions are also conceivable as a result of the produc—
tion of these projectiles by recoil of the deuterium present in the solu-=
tion from collisions with the fast neutrond®/. In this process the deu~
terium gains energy from the fast neutrons in average increments of
approximately E/2 where T, is the- energy of the impinging neutron. According
to calg¢ulations by H. Soodak of the rhysics Division, it appears thst
ca., 10" deuterons/sec/cc of energy above 0.5 mev will be produced in the
solution. The life time of a fast deuteron in the solution is spproximately
10~ seconds. It thus follows that ca. 100 fast deutercns/sec/cm? is the
maximum flux th:t can be expected with a smell fraction of the deuterons
having energles above 1 mev. Using this vzlue as the deuteron flux and
considering one barn ag the maximum cross—section obtainable under these
conditions for the deuteron reaction, it can be shown that HR and OL@ are
the only isotopes present in sufficient quantity to form a product which
might cause an apprecizlbe poisoning. (It was further assumed that no
isgtOpe that might form would have a neutron cross—gection in excess of
10° burns. ) ’

The (d, n), (d, p) and {4, ) resctions are those most likely
to take place. ‘The (d, n) reaction which might be expected to occur to an
appreciable extent would not ddversely effect the neutron economy. The
(d, p) reaction would give rise to the same product as an (h, &) reaction;
the latter occuring in relatively much greater yield. The high coulomb
barrier for the (d, d,) reaction together with the relatively low snergies
of the deuteron projectiles effectively serves to minimize that reaction.
For these reasons and the scgrcity of accurste data, no detailed cal-
culetions were performed for the isotopes produced by charged pariicle
reactions. .

VI, TABULATION OF RESULTS

In tabulating the results, the importence of the various isotopss
is compared by calculating one of the following: (1) the poisoning loss
(2) the cross-section recuired to give a poisoning loss of 0,01, {3) the
product 07 ¢ required to give a poisoning loss of 0.01, or (4) the
quotient p/bio The choice of the expression used for coumparison depends

( QFast deuterons, up to energies of 8-10 mev, may be produced by collisions
with fission fragments. This source would not be expected to furnish
enough deuterons to produce a significant number of reactions,




on the physical quantities which are unknown. The relative imortcnce

of zn isotope is ascertained by the size of the poisoning loss or the pro-
bability of its having the cross-sectlon (or cross—-sections) calculzted.
For example, .a cross-section of 102 bsins would be extremely unlikely

for an (n, ) reaction but relatively probable for an (n, ¥ ) reaction.
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Wwhenever pructicable, any uncertainty present in the data; is
reflected in the tzbulated results in such a manner as to present the
maximum effect on the chain reaction.

In Table 1, the number of moles of the isotope present in the
unit is tabulated in column 2. The isotopic cross—section is listed in
column 3 when knswn~ otherwise the maximum crouss-section the isotope can
hsve is listed(® The poisoning loss of the stable isotope x 100 is
listed in column 4. The product of the (n, ) reaction and its half-
life is listed in columns 5 and 6 respectively. In column 7, the neutron
cross—-section which the isotope in column 5 must have to cause a poisoning
loss of 0,01 is shown. The decay products and half-lives of the isotope
“in column 5 ave listed in columns 8 and 9 respectively. The isotopic
cross-section is listed in column 10 for the final stable isoctope. In
column 11, the poisoning loss x 100 of this final product is calculated
for those cases where the neutron cross-section can be estimsted. In
column 12, the cross-section which the isotope must hzve to give rise to .
a poisoning loss of 0.0l is calculated for those isotopes for whlch no
cross—sectlon data are available. :

. In Table 2, columns 2 and 3 list the product of an {n, 2n) re-
action on the isotope in column 1 and its half-life. Column !4 lists the
product of the two cross—sections which the isotopes of columns 1 &nd 2
must have to give rise to a poisoning loss of 0.0l. The decay products

and their half-lives are listed in columns 5 and 6. The isotopic cross-
section is listed in column 7. In column 8, the poisoning loss x 100
divided by the cross—section for the (n, 2n) reaction is calculated for
those czses where the isotopic cross-section in column 7 cen be estimzted.
In column- 9, the product of the cross—sections of the isotopes in columns 1
and 5 necesszry to give a poisoning loss of 0.0l is calculated.

: In Table 3, columns 2 and 3 list the product of en (n, p) re-
action and its half-life. Column 4 lists the products of the cross-sections
of the isotopes in columns 1 and 2 necesszry to give rise to a poisoning
loss of 0.0l: It was not necessary to meke any further calculztions for
this table due to the fact that all the isotopes formed through the

(n, p) reaction invariably decasyed by beta emission bzck to the original
isotope.

In Table 4, columns 2 and 3 list the product of the (n;3,) re-
action and its half-life. Column 4 lists wherever known the isotopic
crogs~section of the igotope in column 2, Celumn 5 lists the poisoning
loss x 100 divided by cross—section of the -(n,d\) reaction, ¢—; and
column 6, the products that the isotopic cross-section of the isotopes in -
columns 1 and 2 must hzve to give rise to a poisoning loss of 0.0l. In

(6) Oy ™ Gy
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YonC-53 ’ Table 1
_Poisoning Effects Caused by (n,¥) Reactions
—1 P 3 L 5 = 7 e I I ) I -
R R e e T R L O A e A e T I A e BT EAGE
A P 100 p : 4 p of 0.01 Ael Prodg_cts of| e Igoxp p';f o,g;
4 (barns) 4 Z’A 4 1 (barns)
1ba> 100 0.45 1.88 © Na2h L.enr  [3.8x10° ug2h stable Ou45(max) | 4.0 x 1074
2 99 0.0045(nsx) 1,88 x 207 gl I TR - - - -]
M 14 0.41(max) |1.88 x 1072 clb 25,000 yr h.1x10° Nl stable 1.7 1.7 x 1071
0% | 55,000 0.001(max) | 2.08 o7 stable - - - - -
o 2.4 2.1 (max) 2,08 o'® stable - .- - ; - b
o0 1n2 0.00022 1,03 x 107 ot? ! 29.4 s axwtt | A9 | stable ? 0.01 fLax10
7, 10,000 00065 ? 2,98 w3 23y ; 720 He? ! stable umkmom - '5.8 x 10°
1657 95 »o.av(ﬁ;x) e §33 stable | - - - - lé - ! '
16333 0.74 61 (max) [ Ler s3h | stable Po- - - .- ; -
i _1653“ L2 | 0.2 11,6 x 1072 s | g7.1days 1.3x1205 1 ¥ stable ' 4h(max) '6.1 x 1o-k|
165 | 0.016 - 2600(ma) L { 7 | unmom 10210 e I stable 0.0 5.3x 0k
’ ABe9 28,800 | 0.1 - 12,0 i pel® f 107 yr 7.5 v pt0 ! stable 325 lax107
Poypm® b 1se0 P 0.23 15,2 % 2amn Lexi | s | stable 0.24(nax) Al x 2077
i thb93 160 0,01 6.7 x 1072 a4 66 min 1 x108 § % " stable 30(max) 2.2 x1072° :
PO 13 12(max) 6.5 D% data 13.7 11?05 stable 3.1 0.23 i
. | inconclusive :
' szbzoé 205 0.76(max) 6.5 pb207 stable - - Do - -
P 0,80(max) 6.5 % " stable - . (- - -
; szbzoa 455 0,00045 8.5 x 1073 pp2? 332 hr 3.8 x 104 R _ stable 0,016 1.6 x10°" :
: héPdloz 0,0038 ° 620(max) 9.7 x 1077 ! P immom  2.2x 104 ' RelO3 stable 150 e x 107 g
L Pt owoms | su(max) 9.8x107° " pal® stable - - - -
] erd® 0106 | 22(max) 9.7x102 1 pal% stable - - - - ' :
WP oaze | 1e.3(max) 9 x 1072 % P 1 date 2.2 x 10° 2207 stable(?) 2.2 x107 ‘ |
, H i inconclu;ive ‘ : ) l
6Pt 0126 | 12 6.3 x 107 & pat®? data 304 x 106 . Agl®9 . stable 108 2x1073 "
‘; . ' . inconclusive ' .
| epetto 0.063 | 0.63 2.7x10% 0 p™ 26min 1% 107 Pl 7 days . - b aex1®
! ; i P % i cglll " stable 23,000(max) 1.8 x 107
ot 0.002  [1900(nax) | 06 - D wneom Laxiob 19 stanle | 60(max) 49 x 12072
Pt 0.0 | 50(max) ! 0.16 P9 stavle - b Lo- - -
T 0.090 12(nax) 0416 % tapte( - L. - - - i
,739% 0.068 L5 1.3 x 1072 pe197 \ Lau;” 1.0 x 100 Poaatd? éshﬂe 105 6.3 x 107
D oggPtt?® 0,018 43 3.3 x 107 Pl |y ©2x108 0 wl® P33y - -7 axd
‘ ‘ : E ? Hgl99 stable 3000 1.5 x 1073
};;éx:ax) éftfr value indicates O'max was calculated {cf, Section Ivj. ‘ l
able Ag possibly possesses a nuclear isomer which decays by isomeric transition with a 4O second half-life,

APtl% possesses a nuclear isomer whichdecays by isomeric transition with an 80 minute half-life.
consists of two nuclear isomers. To maximize the polsoning effect, the longer lived one, 3.3 day, was used in the

_ (3);‘3‘38)’e

calculation, : -
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Table 2 o )
' Poisoning Effects Caused by (n,-2n) Reactions
1 2 3 L 5 - R . 7 8 9
A e B TN B e e B e A R SR TR T
z 0.01 z A-1 . 0.01
(barns) Z- (harns)
12Na?3 Na22 3.0 yr 5.1 x 102 NeZ2 stable 2 3.9 x 1074
P ctl 20,5 min 7.5-x 10° st stable uriknown - 5.1 x 102
6013 ) C12 stable - - . - - - -
8016 o5 126 sec 1.3 x 10* §5 stable C0.00002  [2.1 x 207
o o6 stable - - - - -
Qo8 o7 stable - - - . -
1H2 Hl stable - - - 0.31 6.6 x 10‘-l
6 s3t 3.2 sec 3.0 x 10° pr stable 0,23 42 x 1074
1655 s3 stable - - - e -
1653“ b $33 . stable - - - - -
L us® PP 87.1 day 9.1 x 10° s stable - 44y (max) 43.9 x 107
% hBeg ‘ Be® €1 sec Heh stable very low 'é
f 1.3A127 .m0 7.0 sec 8.3 x 106 ¥g26 stable 0.048 3.6 x 1072
| at? | w’? 11 day 6.0 x 10° 1092 stable 20(max) gl.s
{ oo P23 | data 164 [ 74203 stable 0.3 1.8 x 1073
i t inconclusive '
| &PbZO(’ 'J pb20% ; data 10.5 T12l05 . stable 3.1 i0.30 :
l f H inconclusive ;
{ 82szzz pp-2° ( stable i - - - - ’ -
: 82?13102 Pb::l? ,  stasle ‘ - Lo - - - | 7
46Fd Pd 2 unknown 'é 1.4 x 107 { Rhlpl unknown : - i - gl.h x 10
. ? ! [ RulOL stable 35(max) 2.6 x 10'63
EE% k% wcom L2 x100 RA103 stable 150 1.3 x 10" !
. 6Pd.105 patOH ; stable -, - - - - - :
hépdmé pqt0> stable : - - - 4 - -
hépdlog. pat?? P odsta 10° el stable(?) - 1.2 x 107
Lépdllo . pat?? j P enknown 8.1 x 10° g™ stable 108 1.3 x 10
gt p% unknown 2.5 x 107 1191 stable 000 (max) 4l x 107
’ 78Pt19h ! Pt193 unknown 6.7 x 105 11-19'3 stable 650( max) 9.8 x lO-A
78Pt195 pt 1% stable | - - . - -
. 8Pt196 Pt195 1 stable : - - - | - -
pti98 . pY § 3.3 day(3) | 1.8 x107 a7 stable 105 3.8 x 107
i

.
e e R G St s S S A b i ¥

(1)see (1) footnote in Table 1.
See secorid footnote to Table 1.
(3)see third footnote to Table 1.
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- Table 3
Poiso@iné Effects Caused by (n, p) Reactions
y — —t oy
o, o, to give
z (z - 1) 3 17 of 0.01
(barns)
11N523 Ne23 1O sec 2.3 x 107
6C12 312 0.022 sec 4.2 x iOIo
o B unknown 4.6 x 104
g0%° N 8 sec 2.1 x 10°
i O w7 unknown 2.4 x 103
! 8018' N18 A - unknown Leb x 102
| & _ .
} H ! - - -
1 !
b s p? 14,30 day 1.0 x 10°
% 16333. S p33 unknown 7.0 x 10%
AV ¥ p unknown b 1,2 x 10%
6 :
1653 . p3® unknown 3.2 x 10°
: . ) )
hBeg ) Li9 unknown 7.4 x 10
2 3
1A 7 b oug?T 10.2 min 9.5 x 10°
: o : 6
Cb93 i Zr93 2.5 min 3.8 x 10
20 i 20
I [ 423 min 2.8 x 107
206 i 206 Lo '
Pb ? 17" 3.5 yr i 12.5
82
207 ] 207 P
gaPo> Iom 4.76 min ; 165
HPoe 1 m¥® 3.1 min [ 11x10°
2 ' : H
héPdlo + pt9? 210 day { 1.4 x 107 !
. :l . ! r
WP O D o2an® 1 e x 10
O l . 3
I I | 36mbr 5.3 x 107
106 !
L6Pd RS { unknown {40 x10°
. héPdloe ;' Rni08 ? " data é 4el x 10° i
- ; inconclusive ! g
' £ ‘ :
B T Rh110 ! data I g1 x10°
3 inconclusive {
i
. o { data t 2,5 x.107
; i i inconclusive i
i 3 : 1
L gartt . | data {67 x107
p _ i i inconclusive “
{ i 1 f .
; 78Pt195 Ir 9 unknown 2 5.7 % 105
. 1r19 data [ 7.5 10°
f inconclusive |
[ 198 . 6
é 78Pt198 Ir I unknown 2.8 x 10

V1/RhI0L consists of two nuclear isomers. The maximize the poisoning
effect, the longer lived one, 4.2min, was used in the calculations,
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. . Table 4 ’

Poisoning Effects Caused by (n,&') Reactions : ’
1 2 o o T T B P oF Torts Testor 200 I
o sotopic T10 ‘o Decay~of Product of Decay sotopid 100 p_ a0 to
z. (z - 2) 3% 4 (barns) o e plof 0.01 of PPoducts of (varns) - |~ oy’ gve 3 of
(z -2) (barns) - A=3 A-3] - 0.01
_ 4 (2 =2) . (z -2) i (barns)
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Cupd®  m” stable © 47(max) - B x 107 - - ro- ; - - -
‘ héPdwl’ + pet® - stable 35(nax) 3.0 x-2075 - - o - 0 - Lo-
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4674 | Ru stable L - 0.25  5,.2x10 - ! - io- ! - 1 - g .-

. .10 2 i ' : 1 P :
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H B . ! : :

. i 0st9? ! stable 553 4x 1076 - : - g - 1 - - .-

196 193 { ‘ 5 { E g
2Pt 1 oos | 7 cay - - 9.2 x 10 ] 1193 stable  650(max) - 8.6 x 107
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1 Il pe195 stable | - -
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i - ! i >

(1)See footnote(l) in Table 1.
+ (2)See second footnote to Table 1.
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columns 7 and 8 the decay product and iis cross=section is listed. In
column 9, the isotopic crogs—-gection of the isotope in column 7 is given
whenever known. In column 10O, the poisoning loss x 100 divided by the
crogs=gection of the (n,a\) reactlon,cfi, is 51venu In. column 11, the
product oftj’i 6"’necessary to give rise to a poisoning loss of O QL

i3z listed.

VII. QUANTITIES OF ISOTOPLS FORMED

It is possible to estimate the production of an isotope from

its "poisoning loss", The homogeneous unit, when operating at the 10 Kw
_level, will destroy through the fission process ca. l.l moles U<35 per
month. Thus, any isotope causing a poisoning loss of 0.0l will produce
0,011 moles of the new isotope per month. If the poisoning loss of the
isotope under consideratisn is multiplied by 1.1, the number of moles

of the product isotope that will form per month in a 104 Kw unit will be
obtained. These calculations have been carried out for a few of the
isotopes and are listed below:

3 (1) H’ In one month, 0.032 moles (0.1 gm or 500 curies) of

B~ will be produced from the reaction H (n,2f)H3o Each gram of deuterium
will have 0.3 micrograms of H3 assoc1ated w1th it or 3 x 107 veta dis-
integrations per minute.

A (2) ’gzz ~ The 87 day 8351 formed by 6334(n,3‘)lés35 reaction,
will be produced in considersble quantity provided a resctor”solution of
SOA Eseda From Table 1, it is noted that a poisoning loss of "
4o 6 % 107" is experienced in its production. This means thet 5.1 x 10
moles or 750 curies of $35 will be produced per month. Xach gram of
sulfur in the unlt will heve 5 microgrzms or 0.2 curles of 535 associated
with it.

(3) EZi = $3imilarly, provided a D SO reactor solution is used,
a considerable %udntlty of the 14.3 day in P§2 will be produced in the
solution by a S32(n, p)P32 reaction. The P32 thus produced will be free
of carrier. Agsuming an effective cross-section for the above reaction
of 0,001 baral? , and correcting for decay, 0.75 milligrams or 200 curies
of 15P3~ will be produced in one month.

(L) Gla - The isotope ¢l4 can be estimsted to form to the ex~
tent of 1-2 mlcrograms/month from the czrbonate reactor sclution by
{n, ¥ ) reaction on C 13, It can also be expected to be formed from ot?
by an (n; & Oi reaction. 'The yield for this latter reaction is probggly low,
but since 0L7 is approximately 20 times more abundant in the solution, it
may represent a significant contribution. The carbon in the solution will
be enriched with G4 from the (n, ¥ ) reaction by about one psrt in 106,
Thus, every gram of cerbon from this solution will have associated with it
approximately 150,000 beta disintegrations per minute.

. (?)h~ E.. C h% estimsted a cross-section of 1=2 x 10égﬂ barns for the 16832
(n p) reaction in the Clinton pile.
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(5) Bel¥ - Considerable quantities of the 107 year Bet0 will

form in the reactor tank if it is contructed of beryliium. 1In 2 years

_ca. 38 grams or 0.13 curies of ,ue:0 will form. Each gram of the stable

Be will have 0.d3 micrograms or 10° disintegrations per minute of Be
associated with it. °

(6) Na?? - similerly the 3 year |, Ng22 may form in the NeDCO
reactor solution by the (n, 2n) reaction onlka 3, fssuming an effectivé
cross-section of 1074 barns for the above reaction, 4.8 x 107° moleg or
0.55 curies of Na“c will form in one month. Each gram of stable Na<3 will
have 0,04 micrograms or 5.4 x 10/ disintegrations per minuted of Nal2
associated with it. ilthough about 1.3 x 10° curies of Na?4 will be pre=
sent in solution at the end of one month toghether with the Na<2 and the
stable Na?3, a separation can be achieved by permitting the solution to
cool. Due to short hialf-life of Na<h {14.8 hours), the Na?b activity
would drop to less than 1% that of the Na?2 activity in a period of approx-
imately 15 days.

VIIT. CUNCLUSIONS

On examining the results in Section VII, it is seen that ne
large polisoning effect can be expected with certainty from the product
of nuclear reactions on the "lignt" isotopes in the homogenecus pile,
‘i,8., the.calculations reveal low poisoning losses in all cases where
the physical constants are known completely.

It, furthermore, appears unlikely that a large poisoning loss
will be experienced in these cases in which the physical constants are
not all known. Some of these isotopes might become important, however,
if an_unusually high neutron cross—section were to appear as in the cease
of Xel35, several isotopes are here listed which may merit further in-
.vestigation.

6 Depending upon the yield of the (n,() regction on a Be’ to give
He” which decays with a half-life of 0.8 sec. to Li , an appreciable poi-
soning loss may be experienced due to Li6 (07 = 825b). Even if the ef-
fective cross—section for the (n,ol) reaction is as low as 10 barng, a
peisoning loss of 0.0l will be experienced in 2 years.

Similarly, if Li? has a half-life of the order of days, if the
effective cross-section for the Be? (n, p) Li7 reaction is 107~ barns,
and if Li7 has a capture cross=section of 10 barns, a poisoning loss of
0,01 will be experienced in 2 years.

T1205, T1206, HgZOl, Pb205, and perhaps other isotopes formed

from Pb are also among these isotopes which would need relatively low
cross-sections to cause an appreciable neutron loss.
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In general, the isotopes formed from platinum and palladium are
‘present in insufficient quantities to contribute much te the pa;sonlng
effect, although they have rather large neutron cross-sections.

Furthermore, the unit will produce a number of "light" isotopes
of general research interest, some of them pure and some of them with a
sufficiently high specific activity to be useful for most tracer work. I%

may slso produce, depending on the phy51cal constants, some "light" isotopes
hitherto unknown.









